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WATER COOLED PANEL AND FORMING METHOD 
BACKGROUND OF THE INVENTION. 

A. FIELD OF THE INVENTION. 

5 The present i nvention is related to water cooled panels for electric arc 

furnaces and more particularly to a water cooled panel having a tubular design 
comprised by a coil formed by a thick wall pipe in which the 90° & 180° elbows 
are integral to the tube, and to its forming method. 

B. DESCRIPTION OF THE RELATED INVENTION. 

10 Temperatures higher than 2300° F are generated inside the electric arc 

furnaces, therefore, in order to avoid structural damages, water cooled panels 
are used in order to maintain the temperature of the structure below the failing 
point. 

Tipically, an electric arc furnace has several cooling systems. Normally, 
15 those systems comprise a cooling liquid recirculation circuit passing through all 
the elements of the furnace exposed to high temperatures. The water circulating 
inside the circuits, passes through the elements that need to be cooled such as 
Shell & Roof panels, gas exhaust Ducts, etc., in order to remove heat from 
those elements and subsequently transfer that heat to the environment using a 
20 cooling tower or an equivalent device. 

The cooling circuit is typically comprised by several feeding pumps, 
return pumps, filters, one or more cooling towers as well as supervision and 
control instruments. The key elements of the furnace normally have instruments 
to monitor the flow, pressure and temperature of the water. 
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For most water cooled equipment, a flow interruption or an inadequate 
volume of water circulating through the cooling system may cause a serious 
thermal overload and sometimes a catastrophic failure. 

Current electric arc furnaces have a variable quantity of water cooled 
5 panels mounted on a support frame, which allows for quick individual 
replacement of each panel. By cooling the furnace structure, thermal expansion 
and thermal stress are avoided which may cause gaps between panels. Water 
cooled panels allow the furnace to withstand high temperatures without 
suffering any structural damage. In old design electric arc furnaces, such high 
10 temperatures may have caused a higher erosion rate of the refractory walls and 
damages to the furnace shell. 

Furthermore, cooling coils are used in the gas exhaust Ducts in order to 
cool said Ducts and avoid a structural damage and to cool down the gases to 
an adequate temperature for the filters to which the gases are conducted. 
15 Typically the water cooled panels have a tubular design and comprise a 

hydraulic circuit requiring more than one pipe. In order to conduct the water 
from one pipe to the next one in the circuit, 90° & 180° elbows are used. This 
kind of hydraulic circuit is normally called "coil". 

The use of said 180° elbows allows for a gap between the pipes that 
20 ranges from 0 to approximately a distance equivalent to the diameter of the 
pipe. Said 180° elbows are formed (cast, forged) independently of the pipes and 
are welded to the end of each pipe. 

The process of welding an elbow to the ends of the pipes is costly, time 
consuming and creates a potential failure point. 
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Furthermore, the internal welded seams may cause additional pressure 
losses when the coil is in operation, reducing the eficiency of the entire cooling 
system. 

In view of the above referred problems Based on the above referred 
5 problems, the applicant developed a novel pipe bending method, comprising a 
simultaneous hot bending and pressing of the pipe by which it makes possible 
to obtain a coil without welded 180° elbows since they are integrally formed with 
the pipe. 

By using the above referred novel process it is possible to bend a thick 
10 wall pipe to obtain a 180° elbow, with a gap between straight pipe sections 
which can go down to cero inches. 

The method of the present invention may be a pplied to pipes made of 
carbon steel, copper (and its alloys), stainless steel, low alloy steel, aluminum, 
etc. in order to produce tubular cooling coils for electric arc furnaces elements 
15 such as shell & roof panels, tunnels, slag doors, sump panels, deltas, rings, 
ducts, drop out boxes, post-combustions chambers, etc. 

The water pressure losses obtained with the novel method are equal or 
lower than the pressure losses obtained with the coils having welded elbows, 
thus optimizing the amount of electric energy used by the pumps which circulate 
20 the water through the cooling system. 
SUMMARY OF THE INVENTION. 

It is therefore a main object of the present invention to provide a novel 
pipe bending method comprising a simultaneous hot bending and pressing of 
the tube. 



It is another object of the present invention, to provide a bending method 
of the above referred nature by which is possible to form a coil without welded 
180° elbows since the return sections are integral part of the pipe. 

It is yet another object of the present invention to provide a bending 
5 method of the above referred nature by which it is possible to bend a thick wall 
pipe to obtain a 1 80° elbow with a gap between straight pipe sections which 
may be of cero inches. 

It is still another object of the present invention to provide a bending 
method of the above referred nature which maybe applied to pipes made of 
10 carbon steel, copper (and its alloys), stainless steel, low alloy steel, aluminum, 
etc. in order to produce tubular cooling coils for electric arc furnace elements 
such as shell & roof panels, tunnels, slag doors, sump panels, deltas, rings, 
ducts, drop out boxes, post-combustion chambers, etc. 

It is an additional object of the present invention to provide a bending 
15 method of the above referred nature by which it is possible to form coils in 
which the water pressure losses are equal or less than the pressure losses 
obtained with coils using welded elbows, thus optimizing the amount of electric 
energy used by the pumps which circulate the water through the cooling 
system. 

20 These and other objects and advantages of the bending method of the 

present invention will become apparent to those persons having an ordinary 
skill in the art, from the following detailed description of the embodiments of the 
invention, which will be made with reference to the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS. 

Figure 1 is a front view of a coil section having a tubular design formed 
by the bending method of the present invention. 

Figure 2 is a graph showing the pressure losses of a coil fabricated with 
5 2 1/2" schedule 80 pipe using 180° welded elbows versus the pressure losses 
of a coil fabricated with 2 1/2" schedule 80 pipe with 180° elbows formed by the 
bending method of the present invention. 

Figure 3 is a graph showing the pressure losses of a coil fabricated with 
2 1/2" schedule 160 pipe using welded elbows versus the pressure losses of a 
10 coil formed with 2 1/2" schedule 160 pipe with 180° elbows formed by the 
bending method of the present invention. 
DETAILED DESCRIPTION OF THE INVENTION. 

The invention will now be described making reference to a preferred 
embodiment thereof and to specific examples of the method and specific 
15 materials used to form a coil without welded 180° elbows, wherein the method 
of the present invention comprises: 

Providing a pipe made of a metallic material selected form the group 
consisting of: carbon steel, copper and its alloys, stainless steel, low alloy steel, 
aluminum, etc. and of the type selected from the group consisting of: 
20 conventional or seamless, extruded, ribbed (splined), within a thickness 
ranging from schedule 40 to schedule XXS; 

defining a tangency point where a bend will occur; 

pre-heating the pipe by means of the flame of an oxi-gas torch at the 
tangency point plus approximately 2" at a temperature of between 570°F to 
25 2200°F for a time of between 30 seconds to 60 minutes and at a distance 
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between the torch tip and the pipe that depends on the pipe material and 
thickness. An adequate pre-heating allows the material to yield when carrying 
out subsequent bending steps, minimizing deformations; 

pre-bending the pipe 180° using as reference the tangency point as 
5 bending point in order to obtain a "IT shaped piece having two straight sections 
depending of a bent section, using conventional means which may comprise 
any bending tool, until a bending radius R/D of 1 to 3 is obtained wherein R = 
bending radius and D = external pipe diameter; 

heating the bent section in a special gas or induction furnace at a 

10 temperature of between 570°F to 2200°F and for a time of between 1 to 60 
minutes depending on the pipe material and thickness; 

immediately after removing the bent section from the furnace, introducing 
it to a special press having two lateral pressure elements, each applying a 
lateral pushing force along a straight section respectively for a distance of 

15 approximately 12" from the bent section, and a pressure element which applies 
a pushing force on the tangency point perpendicular to the lateral pushing 
forces, in order to provide to the "IT shaped piece the required final bending 
radius. As a result of this step, the cross sections of the straight and bent 
section acquire an oval shape; 

20 applying a vertical compression force to the entire "U" shaped piece in 

order to round the straight and bent sections until the required roundness is 
obtained, by means of a press including a mold having the shape of the" U" 
shaped piece with the required roundness; 

repeat the above described steps until forming all the required return 

25 sections of a coil. 
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If the pipe to be processed is made out of alloy steel, then a thermal 
treatment after the last step of the process is required. If the pipe to be 
processed is made of stainless steel, then a solution thermal treatment is 
necessary after the last step of the process. 
5 Although it was described that the pre-heating is carried out by an oxi- 

gas torch, it can be obtained by induction or by any other means. 

By the process of the present invention, it is possible to obtain bending 
radius R/D within a range of 0.5 to 3. 

The coil produced by the method of the present invention such as the 
10 one shown in Figure 1 , has the advantage of achieving lower or equal pressure 
losses in comparison with the coils having welded 180° elbows as shown in the 
following examples: 
EXAMPLE 1. 

A coil was formed having the following characteristics: 
1 5 -Pipe material: A1 06-Gr B 

-Pipe dimensions: 2 1/2" 0, Sch. 80 

-Number of 180° elbow sections: 9 

-Pipe lenght (without 180° elbow sections): 32 ft. 

-Water cooled area: 8.7 ft 2 
20 Results: 

-Bending radius: 0.5 D (separation between straight sections 0.0 in) 
-Pressure losses: lower than the pressure losses of a coil having the same size 
but using welded elbows, as shown in Table 1 and the graph of figure 2, 
wherein: Ex shows the "X" axis representing a flow scale in gallons per minute 
25 (gpm); Ey shows the "Y" axis representing pressure losses scale in psi; 1 
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represents the pressure losses curve produced by a coil using welded elbows; 

and 2 represent the pressure losses curve obtained by the coil using bent 

sections produced by the method of the present invention. 

PRESSURE LOSSES COMPARISON CHART FOR SCH. 80 PIPE. COIL 
5 USING WELDED 1 80° ELBOWS VS COIL FORMED BY THE PROCESS OF 

THE PRESENT INVENTION 
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EXAMPLE 2 

A coil was formed having the following characteristics: 
-Pipe material: A106-Gr B 
-Pipe dimensions: 2 1/2" 0, Sch. 160 
5 -Number of 180° elbow sections: 9 

-Pipe length (without 180° elbow sections): 32 ft. 
-Water cooled area: 8.7 ft 2 
Results: 

-Bending radius: 0.5 D (separation between straight sections 0.0 in) 
10 -Pressure losses: lower than the pressure losses of a coil with the same size 
but using welded 180° elbows, as shown in Table 2 and figure 3 graph, wherein: 
Ex shows the "X" axis representing a flow scale in gallons per minute (gpm); Ey 
shows the "Y" axis representing a pressure loss scale in psi; 1 represents the 
pressure loss curve produced by a coil using welded 180° elbows; and 2 
15 represents the pressure loss curve obtained by the coil having bent sections 
produced by the method of the present invention. 

20 
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PRESSURE LOSSES COMPARISON FOR SCH. 160 COIL USING WELDED 
180° ELBOWS VS COIL FORMED BY THE PROCESS OF THE PRESENT 

INVENTION 
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TABLE 2 



